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C0A4PLETE SPECEFICATION 

Mixed Goatiiig Process 



We, British Titan Products Company 
Limited, A British Company of BlUing^iam, 
County Durham, England, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement: — 

The present invention relates to improved 
processes for coating metal oxide pigments, 
particularly titanium dioxide pigments. 

Pigmentary titanium dioxide particles are 
commonly coated with hydrous oxides of 
certain metals, for example with oxides of 
titanium, aluminium, zirconium, cerium and/or 
silicon (which, for the purpose of this specifica- 
tion is defined as a metal) and with other 
materials for example with a phosphate (which 
may, if desired, be the phosphate of one of the 
metals mentioned above). 

Such processes usually consist of forming an 
aqueous suspension of the titanium dioxide 
pigment, if desired in the presence of a dis- 
persing agent, and thereafter adding to the 
dispersion one or more water-soluble hydrolys- 
ablc salt(s) of the mctal(s), the oxide(s) of 
which are to be deposited upon the pigment 
particles. The sulphates of the metals are the 
most widely used salts for this purpose 
although, among other compounds^ nitrates, 
acetates and chlorides have also been used. 

The pH value of the suspension is usually 
lowered by the addition of the salt(s) owing 
to its initial hydrolysis and the pH value is 
dien raised by the addition of an alkali, for 
example an alkali metal hydroxide or carbon- 
at3e or ammonium hydroxide. 

Where the particles are to be coated witii 
hydrous silica, at least part of the pH adjust- 
ment may be achieved by the addition of an 
alkali metal silicate which, in addition to being 
alkaline in reaction, forms hydrous silica upon 
the particles. 

Alteamatively, where a coating of silica is 
reqidred, an aJkali metal silicate may be used 



as the dispersing agent and the pH value may 45 
be adjusted by the addition of an alkali. 

After coating, the pigment partides are 
normally recovered, washed, dried and/or 
milled, for example in a fluid energy mill. 

Whereas such coating procedures have 50 
proved to be of great vlue in titanium dioxide 
pigment production they may not produce 
pigments of the highest tinaorial strength or 
gloss (when incorporated into paints) of which 
the pigment is capable. Such coating pro- 55 
cedures may also produce pigments which 
retard the drying time of paints containing 
±em. 

It is an objea of the present invention to 
provide an improved process for coating metal 60 
oxide partides, particularly pigmentary 
titanium dioxide particles. 

Accordingly, the invention is a process for 
coating metal oxide pigment particles compris- 
ing forming an aqueous dispersion of the i5 
particles, adding to the dispersion a water- 
soluble hydrolysable compound of silicon, 
titanium and/or zirconium and/or a phosphate 
or phosphoric acid, adjusting the pH of the 
disper^m to a value in the range 3 to 7.5 70 
and thereafter adding simultaneously to the 
suspension a water-soluble hydrolysable com- 
pound of aluminium, cerium and/or caldcmi 
and an alkali in such a manner as to maintain 
the pH value of the suspension in the range 75 
6 to 10 througjiout the period of addition. 

After treatment by the process of die present 
invention the suspension is preferably allowed 
to stand, for example for at least 15 minutes, 
before finally adjusting the pH to a value in 80 
the range 7 to 9.5 prior to the recovery of the 
partides. 

The aqueous dispersion of titanium dioxide 
may, if desired, be formed in the presence of 
a dispersing agent. g5 

If the pigment is to be coated with a 
hydrous oxide of silica or with a phosphate the 
dispersing agent may be an alkali metal silicate 
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(which is a water-soluble hydrolysable com- 
pound of siliom) and/or phosphate and this 
compound(s) may provide some or all of the 
silica and/or phosphate coating. 

5 iUtematively, an organic dispersing agent 
may be used^ for example an isopropanol- 
amine, either by itself or in combination with 
an inoxganic dispersing agent 
The water-soluble, hydrolysable compound 

10 of titanium or 2irconium is preferably a salt 
of the metal having an anion derived from a 
mineral add, for example the sulphate, chloride 
or nitrate. Altemativdy, it may be derived 
from an organic add, for example the acetate, 

15 but this is not preferred. The sulphate or 
chloride is the preferred salt. 

Where a phosphate coating is required on 
the pigment this may be formed by the addi- 
tion of a water-soluble ortho-, meta- or pyro- 

20 phosphate (which may also act as a dispersing 
agent as previously mentioned) or phosphoric 
add. Alkali metal or ammonium ordio- 
phosphate are the preferred water-soluble 
phosphates, 

25 Suffident of the soluble and hydrolysable 
compDund(s) of silicon, titanium and/or 
zirconium and/or a phosphate or phosphoric 
add is suitably added to form upon the pig- 
ment particles an amount of the hydrous oxide 

30 of the metal(s) (dther singly or in combination) 
in the range 03% to 5% and preferably in 
the range 0.5% to 2% (on TiO.) and an 
amount of phosphate in tiie range 0.5% to 
5% and preferably in the range 1% to 4% 

35 (estimated as PsOjon TiO-). 

After the addition of the hydrolysable com- 
pound(s) of silicon, titanium and/or zirconium 
and/or phosphate or phosphoric acid and pH 
of the suspensicm is adjusted to a value in the 

40 range 3 to 7.5, if required. Where such an 
adjustment is necessary it is generally carried 
out by the addition of alkali, for example an 
alkali metal hydroxide, or carbonate ot 
ammonium hydroxide. 

45 The exact pH value to which the suspen- 
sion is adjusted in this range will depend to 
some extent upon the soluble and hydrolysable 
metal compounds present. The pH is 
nonnally adjusted to a value in the range at 

50 which substantially all the metal(s) is precipit- 
ated in the form of a hydrous oxide(s) upon 
the pigment partides. 

The hydrous oxide of aluminium, cerium 
and/or caldum is then applied to the pigment 

55 by the simultaneous addition of a water- 
soluble, hydrolysable compound of one or 
more of these metals and an alkalL 

Again the soluble, hydrolysable compounds 
of the metals are preferably the salts of the 

60 metal having an anion derived from a mineral 
add, for example the sulphate, chloride or 
nitrate of the metals. 

The alkali, whidi is simultaneously added, 
is preferably an alkali metal hydroxide or 

65 carbonate or ammonhim hycbodck. 



The addition of the metal compound and 
alkali is preferably made in such a manner 
that the pH of the suspension remains constam 
at a predetermined value in the range of 6 to 
10 and panicularly in the range of 7 to 9.5 70 
throughout the period of the addition. 

Suffident hydrolysable metal c<Mnpound is 
conveniendy added simultaneously with the 
alkali to precipitate upon the pigment particles 
an amount of the corresponding hydrous metal 75 
oxide (either singly or in combination) in the 
range 1% to 6% and preferably an amount 
in the range 1.5% to 3% by weight on TiOa. 

After the addition of metal compound and 
alkali the suspension is nonnally allowed to 80 
stand for a period of at least 15 minutes and 
preferably at least 30 minutes before reoovery 
of the coated particles, for example by filtra- 
tion, and thereafter the particles are washed, 
dried and/or milled, particularly in a fluid 85 
energy mill. 

Bdfore recovery oi the particles the pH of 
the suspension is preferably adjusted, if neces- 
sairy, to a value in the range 7 to 9.5, and 
particularly to a value of alwut 7Jf. 90 

It has been found that when titanium dioxide 
pigment particles are coated by the process of 
the present invention they usually have a 
higher tinting strength and give a better gloss 
when incorporated into paints than do similar 95 
pigments coated with similar compounds by 
previously known methods. The pigments may 
also produce paints having a shorter diying 
time when incorporated therein. 

The method may be applied to dther 100 
anatase or rutile pigments which may have 
been produced dther by the sulphate process 
or by the oxidation, in the vapour phase, of a 
titanium tetrahalide, for example titanium 
tetrachloride. 105 

In order to obtain the maximum benefit 
from the present process it is preferred to coat 
pigments which are predominandy of the rutile 
modification (Le. at kast 95%) and which have 
been prepared by the vapour phase oxidation 110 
of titam'um tetrachloride. 

The following Examples show embodiments 
of the present invention and the coated pig- 
ments thus produced are compared with 
similar pigments coated by other methods. 115 
Example 1 
To an aqueous susprasion of rutile TiO:; 
pigment partides at a concentration of 22J0g,/ 
litre and containing sodium silicate was added 
an aqueous titanyl sulphate solution (105g./ 12O 
litre TiOn and an acid/TiOa ratio of 3). 
Sufficient titanyl sulphate solution was added 
to give a coating of TiOg on the pigment 
partides of 1.5%. 

The suspension was maintamed at 50^C. 125 
during the addition of the titanyl sulf^ate 
solution (over a period of 15 minutes). 

The mixture was then stirred for 15 minutes 
after whidi an aqueous solution of sodium 
hydroxide was added over a period of 15 130 
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minutes to obtain a pH value of 7,5. 

Aqueous solutions of aluminium sulphate 
(50 g./litre) and sodium hydroxide were run 
into tfie suspension simultaneously over a 

5 period of 30 minutes with vigorous stirring and 
at such a rate that a pH value of 6 was main- 
tained. Suffident aluminium sulphate was 
added to provide 2% alumina (by weight on 
Ti02) on the pigment particles. 

10 The suspension was allowed to stand for 30 
minutes after which the pH value was adjusted 
to 7.5 with sodium hydroxide and the pigment 
was recovered, washcKi, dried and fluid energy 
milled. 

15 Example 2 

The process described in Example 1 was 
repeated except that the pH value, during the 
addition of the aluminium sulphate, was main- 
tained at 7.5. 

20 Example 3 

The process described in Example 1 was 
repeated except that the pH value, during the 
addition of the aluminium sulphate, was main- 
tained at 9 and the final adjustment to pH 7.5 

25 was by the addition of sulphuric acid. 



Example 4 

A pigment was prepared by a process not 
according to the present invention, for the 
purpose of comparison, by the following 
mediod, 30 

A similar pigment to that used in Examples 
1 to 3 was suspended in water in the presence 
of sodium silicate at 50^C. and sufficient 
titanyl and aluminium sulphate to give a coat- 
ing of 1.5% TiO« and 2% Al^O, was added 35 
over a period of 15 minutes. 

The suspension was then sdrred for 30 
minutes and the pH value adjusted to 7.5 
by the addition of sodium hydroxide over 
30 minutes. 40 

The pigment was then recovered, washed, 
dried and fluid energy milled. 

The pigments produced in Example 1 to 4 
were then incorporated into an oleoresinous 
pamt medium. 4c 

The gloss (at 45^), tint reduction and drying 
time of the resulting paints were measured 
(as described later) and the results are given 
in Table 1. 



Table 1. 

Tint Reduction Drying Time 

Example Gloss (% improvement) (te.) 



1 95.7 +1 ■ 12 

2 95.5 +2 13i 

3 95.3 +3 15i 

4 90.4 -2 16 



Example 5 Example 6 

The process described in Example 1 was The process described in Example 5 was 65 

repeated except that sufficient sodium silicate repeated but the pH value during the addition 

to fom a total o! 1.5% SiOa on the pigment of aluminium sulphate was maintained at 7.5. 

55 was added to the initial suspension at 50°C. Example 7 

over a period of 15 minutes followed by suffi- For ±e putpose of compariscHi with pig- 
dent aqueous normal sulphuric add to give a ments of Examples 5 and 6 similar TiO; 70 
pH of 7.5 over a period of 15 minutes. pairtides were coated by a conventional pro^ 
The aqueous solutions of aiuminhmi sulphate cess with 1.5% silica and 2% alumina, 
60 and sodium hydroxide were then simultane- recovered, washed, dried and fluid energy 
ously added to maintain a pH value of 6 and milled. 

the pigment was ultimately recovered and The pigments produced in Examples 5, 6 75 

treated as described in Example 1. and 7 were tested as described in Example 1. 

The results are given in Table 2. 

Table 2. 



Tint Reduction Drying Time 

Example Gloss (% improvement) (iSs.) 



5 92.1 -7 lOJ 

6 93.4 -3 9i 
7 803 -16 10| 



(note; The Tint Reduction value of pigments coated with silica in the manner described is generally lower 
than that of the standard pigment) 
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Example 8 

The process described in Example 5 was 
repeated but using an equivalent amount of 
zirconium sulphate in place of sodium silicate 
and the pH value of the suspension v;as 
adjusted to 3 with sodium hydroxide after tlic 
addition of the zirconium sulphate and before 
the addition of the aqueous aluminium sulphate 
and sodium hydroxide solutions. 

Example 9 

The process of Example 8 v/as repeated but 
the pH value dudng the aluminium sulphate/ 
sodium hydroxide addition was maintained at 
7.5. 



Example 10 
The process of Example 8 was repeated but 
the pH value during the aluminium sulphate/ 
sodium hydroxide addition was maintained at 
pH9. 

Example 11 

A similar pigment to that used in Examples 
8 to 10 was coated by a conventional process 
with 1.5% zirconia and 2*^0 alumina afcer 
which it was recovered, washed, dried and 
fluid energy nulled. 

The pigments produced in Examples 8 to 11 
were tested as described in Example 1. The 
results are given in Table 3. 



Table 3. 



Example 



Gloss 



Unt Reduction 
(% improvement) 



Drying Time 



15 



20 



25 



8 
9 
10 
11 



933 
94.4 
96.5 
29.5 



+2 
+ 3 
+ 6 
'+1 



12 

lOJ 



30 The gloss of the paints containing the pig- 
ments was determined by ball milling the pig- 
ment in an alkyd resin/urea formaldehyde 
lesin mixture at 19% by volume pigment 
concentration and thereafter applying the paint 
35 to a glass surface at a dry film thiclmess of 
about 38 microns. The paint was stoved after 
air drying at 120^C for 30 minutes. 

The gloss of tlie stoved paint was estimated 
at 45^ by a Hunterlab "Sharpness of Image" 
40 Glossmastei'. 

The Tint Reduction values are obtained by 
ball milling the pigment with an allvyd resin 
(19% by volume pigment concentration) con- 
taining a fixed amount of a coloured pigment 
45 to give a coloured paint. 

The product is compared in each case with 
a similar paint containing known varying 
amounts of a very higJi performance rutile pig- 
ment coated witii titania and alumina (whidi 
50 is retained as a standard for this purpose). 

The comparison is obtained by drawing 
down a paint containing tlie standard pigment 
on each side of a sample of the paint contain- 
ing the test pigment. 
55 When a paint containing the standard pig- 
ment and one containing ^e test pigment are 
found to match (when examined visually by an 
experienced operator) tlie difference (expressed 
as a percentage) of the pigment content of the 
60 two paints is noted. Where the content of the 
standard pigment is higlier than that of the 
test pigment then the latter has a higher tmt 
reduction value than the standard pigment 
(and vice versa). 
65 In the Tables this has been converted into 
a direct coniparison with the standard pigment 
The Drying Time of the paints containing 
the pigments is obtained by ball milling an 
aJkyd resin and pigment (the latter in 19% 
70 concentration by volume and allowing the 



paint to stand in a sealed vessel for 24 hours. 

The paint is then appHed to a smooth sur- 
face (at 33tt film thickness) and the drying 
time estimated by a Beck-Koller "Drying Time 
Tester". 75 
WHAT WE CLAIM IS: — 
A process for coating metal oxide pigment 
particles comprising forming an aqueous dis- 
persion of the particles, adding to the disper- 
sion a v/ater-solublc hydrolysahle compound of 80 
silicon, titanium and/or zirconium and/or a 
phosphate or phosphoric acid, adjusting the 
pH of the dispersion to a value in the range 
of 3 to 7.5 and thereafter adding simultane- 
ously to the suspension a water-soluble hydro- 85 
lysable compound of aluminhim, cerium and/ 
or calcium and an alkali in such a manner as 
to maintain the pH value of the suspension in 
the range 6 to 10 throughout the period of 
addition. 90 

2. A process as claimed in claim 1 wherein 
the metal oxide particles are titanium dioxide 
particles. 

3. A process as dauned in claim 1 or 2 
wherein the suspension is allowed to stand 95 
after the additions have been completed and 
before adjusting tlie pH if necessary to a value 

in the range 7 to 9.5 and particularly to one 
of 7.5 prior to the recovery of the particles. 

4. A process as claimed in claim 3 wherein 100 
the suspension is allowed to stand for a period 

of at least 15 minutes and preferably for a 
period of at least 30 minutes. 

5. A process as claimed in any of the preced- 
ing claims wherein the phosphate is added as 105 
an alkali metal or amonium salt. 

6. A process as claimed in any of the preced- 
ing claims wherein the water-soluble hydrolys- 
able compound of aluminium, cerium and/or 
calcium and an alkali are added in such a HO 
maimer as to maintaia die pH value of the 
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suspension in the range 7 to 9.5 throughout 9. A process for coating pigmentary metal 



7. Pigmentary metal oxide particles when Examples 1 to 3, 5 and 6 and 8 to 10. 
coated by a process as claimed m any ctf the 

preceding daims. JOHN RUSSELL, 

8. Pigmentary titEmium dioxide particles Agent for the Applicants, 
when coated by a process as daimed in any 

of claims 1 to 6. 
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the period of addition. 




substantially as described in 10 



